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(57) Abstract 

Distributed selectable latent fiber optic sensors include 
a plurality of fiber grating sensors (12) connected to an 
optical fiber (10) and installed in an oil/gas well (15) and 
an instrumentation vox (20) at the surface which selects 
which of the sensors (12) to activate, or provide output data 
from to a display (26) or to a remote link (32), such as 
the internet. The box (20) has a transceiver/converter (22) 
which provides a source optical signal (14) and receives a 
return optical signal (16, 18) and which converts the return 
signal (16, 18) to a signal indicative of the parameters being 
measured by the sensors (12). A sensor selection signal 
is provided from the remote link (32), the keyboard (28) 
to the converter (22) which is indicative of which of the 
sensors (12) to be selected to provide output data for. The 
end user only pays for the sensors (12) that are selected. 
Each of the sensors (12) may be similar to any fiber optic 
grating-based sensor that measures one or more parameters, 
such as pressure, temperature, liquid fraction, flow, acoustic, 
seismic, resistivity, corrosion, pipe wall build-up, or other 
parameters. 
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Distributed Selectable Latent Fiber Optic Sensors 

Technical Field 

5 This invention relates to fiber optic pressure sensors, and more particularly to 

a latent fiber optic sensors. 

Background Art 

Various sensing technologies exist for measuring various physical parameters 

10 in the environment of an oil well such as pressure and temperature, such as electronic 

strain gauge, quartz-based oscillation, distributed temperature sensing (e.g., using 
Raman back-scattering or Bragg gratings), or distributed optical pressure sensing 
using Bragg gratings, such as is discussed in Serial No. 08/925,598 entitled "High 
Sensitivity Fiber Optic Pressure Sensor for Use in Harsh Environments" to Robert J. 

15 Maron, or distributed optical liquid fraction sensing using fiber optics, such as is 

discussed in and Serial No. 09/105,534 entitled "Fluid Parameter Measurement in 
Pipes Using Acoustic Pressures". 

In certain sensing applications, such as applications in the oil and gas industry, 
it may be desirable to sense different parameters, the same parameter, or different 

20 locations, at different times in the life of an oil well. For example, it may initially be 

desirable to sense pressure at a single or limited number of locations within a well 
when the well is first placed into production. Later in the life of the well, it may be 
desirable to sense pressure and temperature on a distributed basis within the well. 
Alternatively, it may be desirable to sense different parameters of interest later in the 

25 life of the well such as liquid fraction, dynamic pressure. 

From a well operator's point of view, it is undesirable to pay for information 
that is not needed. Therefore, the well operator may be willing to pay a premium for 
certain information early in the life of a well, and other different information later in 
the life of a well. However, it is extremely costly to intervene in an operating well to 

30 install sensors and equipment because of lost production when the well is being 
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worked and the cost of actually doing the work, particularly in harsh environments, 
such as on an off shore platform. 

Summary of the Invention 

5 Objects of the present invention include provision of a sensor which can be 

turned on and off on demand without intervention. 

According to a first aspect of the present invention, a distributed selectable 
latent fiber optic sensors, comprises an optical fiber; a plurality of optical sensors, 
each connected to the optical fiber, predetermined ones of the sensors receiving a 

10 optical source signal, and each providing at least one characteristic return optical 

signal, a parameter of the return optical signal being indicative of a sensed parameter; 
and an optical instrumentation device, connected to the optical fiber, which provides 
the optical source signal to predetermined ones of the sensors and which receives the 
return optical signal, and which provides an output signal indicative of selected ones 

1 5 of the sensed parameters. 

According further to the present invention, the instrumentation device selects 
the selected ones of the sensed parameters based on a selection signal corresponding 
to each of the sensors. According further to the present invention, the status of the 
selection signal is determined based on whether a user desires to retrieve the sensed 

20 parameter. According further to the present invention, the status of the selection signal 
is determined based on whether a user will pay for the sensed parameter. According 
further to the present invention, the status of the selection signal is provided from a 
location remote from the instrumentation device. According still further to the present 
invention, the status of the selection signal is provided from a location remote to the 

25 instrumentation device via a remote link. According still further to the present 

invention, at least one of the sensors comprises at least one Bragg grating embedded 
therein. 

According to a second aspect of the present invention, a method of paying for 
use of an optical sensing system, comprises the steps of installing a plurality of fiber 
30 optic sensors; providing data to a user for a selected ones of the sensors; and the user 

paying for the selected sensors. 
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According further to the present invention, selecting the selected sensors based 
on a selection signal corresponding to each of the sensors. According further to the 
present invention, receiving a selection signal corresponding to each of the sensors, 
which determines the selected sensors. 
5 According to a third aspect of the present invention, a method of billing for 

use of an optical sensing system, comprises the steps of installing a plurality of fiber 
optic sensors; providing data to a user for a selected ones of the sensors; and billing 
the user for the selected sensors. 

According further to the present invention, selecting the selected sensors based 

10 on a selection signal corresponding to each of the sensors. According further to the 

present invention, receiving a selection signal corresponding to each of the sensors, 
which determines the selected sensors. 

The present invention provides distributed selectable latent patent fiber optic 
sensors which are activated, enabled, excited, illuminated, or otherwise provides data 

15 to a user (or well operator) on demand. This may be part of a system where the user 

pays for only the sensor data retrieved from the sensor or instrumentation. Such a 
system allows the user to install latent (or dormant) sensors when the well is drilled 
that are accessed by the user only when they are needed, thereby saving significant 
expense later in the well life when more or different sensors and/or parameters are 

20 needed to be sensed by the user. The invention also allows for automatic sensor 
selection reconfiguration without user intervention. 

A sensor may be de-selected (or inactivated or "off 1 ) using the 
instrumentation at the surface, for example, by not illuminating the sensor at its 
characteristic wavelength, or by not converting the optical signals from such sensor to 

25 electrical signals, or by not providing sensor output data on the display screen or to 

the remote link, or by otherwise interrupting the sensor output data to the user. When 
a latent sensor is selected (or activated or "on"), data from such sensor is provided by 
such instrumentation to the user and the price charged to the user is adjusted 
accordingly. Alternatively, the sensor selection signal may shut off all sensors (or all 

30 sensor data) if a bill is not paid by the user. The cost to (or payment by) the user may 

be based on the number of sensors selected, the amount of data provided or the length 



WO 00/39532 



PCT/US99/30725 



of time the data is provided, similar to that which is done for a utility company, a 
cable TV company, an internet service provider or the like. Alternatively, the sensor 
data may be selected from a remote site such as by satellite communications and/or by 
the internet which will trigger billing the user at a price indicative of the sensors 
5 activated. 

Also, one or more gratings, fiber lasers, or a plurality of fibers may be used in 
the sensors. Also, the invention may be used with any type of sensing such as such as 
pressure, temperature, liquid fraction, flow, acoustic, seismic, resistivity, corrosion, 
pipe wall build-up (e.g., wax, paraffins, asphaltenes, scales, hydrates or other 
1 0 hydrocarbon by-products), or other parameters. 

The foregoing and other objects, features and advantages of the present 
invention will become more apparent in light of the following detailed description of 
exemplary embodiments thereof. 

1 5 Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a well fitted with distributed selectable latent 
fiber optic sensors, connected in series, in accordance with the present invention. 

Fig. 2 is a diagram of an example digital sensor selection signal, in accordance 
with the present invention. 
20 Fig. 3 is a flow diagram of possible sensor selection and billing arrangement, 

in accordance with the present invention. 

Fig. 4 is a diagram of an alternative embodiment of distributed selectable 
latent fiber optic sensors, having separate strings, in accordance with the present 
invention. 
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Best Mode for Carrying Out the Invention 

Referring to Fig. 1, a selectable latent fiber optic sensor comprises a 
transmission cable 8 having an outer protective shell such as a stainless steel capillary 
tube 9 with optical waveguide or fiber 10 therein. Other transmission cables may be 
5 used if desired. 

A plurality of fiber optic grating based sensors 12 are disposed along and 
coupled to the optical fiber 10, e.g., by having the sensors 12 be feed-through sensors 
and being connected in series to the common optical fiber 10. Each of the sensors 12 
may be similar to any fiber optic grating-based sensor that measures one or more 

10 parameters, such as pressure, temperature, liquid fraction, flow, acoustic, seismic, 

resistivity, corrosion, pipe wall build-up (e.g., wax, paraffins, asphaltenes, scales, 
hydrates or other hydrocarbon by-products), or other parameters. The sensors 12 may 
have a design comprising or similar to one or more of those described in commonly 
owned copending US Patent Application Serial No. 09/205,847 entitled "Tube- 

15 Encased Strain-Isolated Fiber Grating Temperature Sensor", Serial No. 09/205,944, 

entitled "Tube-Encased Fiber Grating Pressure Sensor", Serial No. 08/925,598 
entitled "High Sensitivity Fiber Optic Pressure Sensor for Use in Harsh 
Environments" to Robert J. Maron, and Serial No. 09/105,534 entitled "Fluid 
Parameter Measurement in Pipes Using Acoustic Pressures", or as is described in US 

20 Patents, such as US Patent No. 5,513,913, entitled "Active Multipoint Fiber Laser 

Sensor", US Patent No. 4,996,419, entitled "Distributed Multiplexed Optical Fiber 
Bragg Grating Sensor Arrangement", to Morey, US Patent No.4,950,883, entitled 
"Fiber Optic Sensor Arrangement Having Reflective Gratings Responsive to 
Particular Wavelengths", to Glenn, US Patents No. 5,564,832, entitled "Birefringent 

25 Active Fiber Laser Sensor", US Patent No. 5,401,956, entitled, "Diagnostic System 

For Fiber Grating Sensors" to Dunphy et al, or US Patent No. 5,426,297, entitled 
"Multiplexed Bragg Grating Sensors" to Dunphy et al, which are incorporated herein 
by reference to the extent necessary to understand the present invention. Any other 
fiber grating sensors now known or yet to be developed may be used if desired. 

30 The sensors 12 are installed at predetermined distributed multi-point locations 

along a production tube or casing of an oil or gas well 15. The well 15 may have a 
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vertical section 50 and/or one or more horizontal, angled, or lateral sections 52,54 
along which the sensors may be distributed. 

Light 14 is launched along the fiber 10 from an instrumentation box 20, which 
is incident on the sensors 12. Each of the sensors 12 provides a return signal 16 
5 indicative of a characteristic wavelength(s) for each of the sensors 12. In particular, 

the sensors 12 may each have a reflection wavelength k\,k 2 M , etc., each of which 
varies based on the parameter measured by the sensor 12. For example, the source 
light 14 may be a broad wavelength band light and each sensor 12 reflects a portion 
thereof as indicated by a line 16 having a predetermined wavelength band of light 
10 centered at a reflection wavelength k 1 , and passes the remaining wavelengths of the 

incident light 14 (within a predetermined wavelength range), as indicated by a line 18. 
If desired, the fiber 10 may have a return path 19 to provide redundancy (loop) in case 
of single break or for monitoring the transmitted light 18 signals. 

If fiber lasers are used for certain of the sensors 12, each such sensor would 
1 5 provide a characteristic lasing wavelength ^1,^2,^3, etc., that varies with the parameter 

being measured. If Fabry-Perot resonators are used for certain of the sensors 12, each 
of such sensors would provide a characteristic resonant wavelength A,], A 2 A3» etc., that 
varies with the parameter being measured. 

The instrumentation box 20 comprises an optical transceiver/converter 22 
20 comprising a known broadband source, a scanned laser light source, or other suitable 

known optical source to provide the incident light 14. Also, the converter 22 
comprises a known suitable spectrum analyzer or other known opto-electronic 
measuring equipment to decode and measure the resultant wavelength or other optical 
parameter shift of the returned light (reflected 16 and/or transmitted 18) from the 
25 sensors 12 and convert it to a parameter measurement, and provides a signal 

indicative of the parameter being measured on a line 24. 

Any known multiplexing techniques may be used by the instrumentation box 
20 to distinguish one sensor signal from another sensor signal, such as wavelength 
division multiplexing (WDM) or time division multiplexing (TDM) or other 
30 multiplexing techniques. In that case, the characteristic or reflection wavelength of 
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the grating (or gratings) in each sensor 12 may have one or more different reflection 
or characteristic wavelength(s) (e.g., ^1^2,^3 An). 

The transceiver/converter 22 may be any device that receives and transmits 
optical signals to the sensors 12 and provides output signals indicative of the 
parameters being measured by the sensors 12. In particular, the transceiver/converter 
22 may use any type of optical grating-based measurement technique, e.g., scanning 
interferometric, scanning fabre perot, acousto-optic tuned filter, optical filter, etc., 
having sufficient sensitivity to measure the parameter being measured by the sensor, 
such as that described in one or more of the following references: A. Kersey et al., 
"Multiplexed fiber Bragg grating strain-sensor system with a Fabry-Perot wavelength 
filter", Opt. Letters, Vol 18, No. 16, Aug. 1993, USPatentNo. 5,493,390, issued Feb. 
20, 1996 to Mauro Verasi, et al., US Patent No. 5,317,576, issued May 31, 1994, to 
Ball et al., US Patent No. 5,564,832, issued Oct. 1 5, 1996 to Ball et al., US Patent No. 
5,513,913, issued May 7, 1996, to Ball et al., US Patent No. 5,426,297, issued June 
20, 1995, to Dunphy et al., US Patent No. 5,401,956, issued March 28, 1995 to 
Dunphy et al., US Patent No. 4,950,883, issued Aug. 21, 1990 to Glenn, US Patent 
No. 4,996,419, issued Feb. 26, 1991 to Morey, or other known or yet to be developed 
optical grating multiplexing instrumentation techniques, sufficient to perform the 
functions described herein. The converter 22 may also include sufficient hardware 
and/or software to convert the measured optical signal or shift into a signal indicative 
of the parameter being measured on the line 24. 

The measured signal on the line 24 is provided to a display 26 or other visual, 
electronic, or printing device for communicating the measurement data from the 
sensors 12 to an end user 30. Also, the converter 22 may be connected by a line 29 to 
a data entry device 28, such as a keyboard and/or mouse. 

A selection (or on/off) signal is provided to the instrumentation box 20 and is 
indicative of which of the sensors 12 will provide data to the end user. The sensor 
selection signal may be provided from the keyboard 28 or from a remote link 32 
(discussed hereinafter), or on a separate line (not shown), or by other means. 

The sensor selection signal may operate in numerous different ways to provide 
the user the selected sensor data. For example, the box 20 may provide output data to 
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the display 26 or to the link 32 for only the selected sensors. Alternatively, the 
converter 22 may only provide the source signal 14 or only process or only convert 
the receive signals 16,18 from the selected sensors 12. Alternatively, the remote box 
38 may provide output data to the remote display 40 for only the selected sensors 
5 based on the sensor selection signal. Alternatively, the box 20 may send the sensor 

selection signal to the remote box 38 for processing the data remotely. 

In addition to or instead of the display 26, a remote link 32 may be used to 
communicate data between the box 20 and a remote location 34. The remote link 32 
may be partially or completely wired or wireless, and may comprise an internet link. 

10 The remote link 32 may be used to communicate sensor data and/or to send the sensor 

selection signal to activate or inactivate certain of the sensors 1 2 or data therefrom 
between the remote location 34 and the instrument 20. 

The remote location 34 may have a second instrumentation device 38 
connected to the remote link 32, comprising a remote transceiver 35, a remote display 

15 40 similar to the display 26, a data entry device 42, such as a keyboard and/or mouse. 

The transceiver 35 may be similar to the converter 22 if the same functions are 
performed, or may comprise different hardware and/or software if additional or 
different functions are performed as described herein. 

The device 38 may retrieve or receive sensor data or other signals from the 

20 instrument 20 and/or send the sensor selection signal to the instrument 20 to activate 

or inactivate certain of the sensors 12. The box 38 may perform the same functions as 
the box 20 and/or may do other processing on the measured data as desired and/or 
may process billing information, or perform other functions. Also, the box 38 may 
perform the billing and/or receive the payments electronically, such as by wire 

25 transfer or other electronic commerce or banking technique. 

Referring to Fig. 2, the sensor selection signal may be a digital word or group 
of words that indicate to the instrument 20 which of the sensors 12 will provide sensor 
output data. For example, Fig.2 shows a sensor selection signal, where each bitin a 
1 6 bit word represents the status (on/off) of data coming from a corresponding one of 

30 the sensors 12. 
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Alternatively, the sensor selection signal may be a code related to an end user, 
which pre-selects certain of the sensors 12. For example, the user may enter a user 
code into the device 20 and based on the user code, the box 20 selects predetermined 
ones of the sensors 12. Alternatively, the user may enter a user code and the user code 
5 is transmitted over the remote link 32 to the remote device 38 which selects the 

appropriate sensor selection signal for that user and transmits the sensor selection 
signal over the remote link 32 to the device 20 for selection of the appropriate sensors 
for that user. Alternatively, there may be a predetermined profile or schedule 
indicating which sensors to select based on age of the well, elapsed time, user code, or 

10 other parameters, such selection may be periodic or cyclical, such as always selecting 

certain sensors at certain times, and selecting certain other sensors at certain other 
times in a repetitive or random pattern, thereby providing automatic reconfiguration 
of the selected sensors without the need for user intervention. 

Referring to Fig. 3, the end user 30 is only billed for and only pays for the 

15 sensors that are selected (i.e., the "on" sensors) as indicated by a top level flow chart 

100. In particular, when a sensor selection signal is received, the appropriate ones of 
the sensors 12 or data therefrom are selected as dictated by the sensor selection signal 
described hereinbefore, as shown by a step 104. Then, a bill or invoice is sent to the 
user (or customer) and the user pays only for the number of sensors selected to 

20 receive data from, as indicated in step 106. Alternatively, the sensor selection signal 

may shut off all sensors (or all sensor data) if a bill is not paid by the user. The cost to 
(or payment by) the user may be based on the number of sensors selected, the amount 
of sensor data provided or the length of time the sensor data is provided, in asimilar 
manner to that which is done for a utility company, a cable TV company, an internet 

25 service provider or the like. 

Referring to Fig. 4, instead of all the sensors 12 being connected to a single 
common fiber 10, a plurality of optical fibers may be connected to groups of sensors 
150,152,154 each set having a single fiber or pair of fibers (for a loop design) 
connected to the instrument box 20. Alternatively, other fiber optic sensing 

30 configurations may be used if desired. 
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Also, the sensing system may be used in a land well on top of land (e.g., in a 
pipeline), under water, e.g., the ocean, such as on the ocean bottom, or in a sub-sea 
well. The sensing system may be used in harsh environments, such as in oil and/or gas 
wells, engines, combustion chambers, etc., or in any other sensing applications 
5 independent of the type of environment, where multiple sensors are used and there is 

a need to have certain sensors or sensor data selected for various reasons. 

Also, it should be understood that the gratings of the invention may be used in 
reflection and/or transmission depending on whether the reflected or transmitted light 
from the grating is used to measure the measurand. 
1 0 It should be understood that, unless otherwise stated herein, any of the 

features, characteristics, alternatives or modifications described regarding a particular 
embodiment herein may also be applied, used, or incorporated with any other 
embodiment described herein. 

Although the invention has been described and illustrated with respect to 
1 5 exemplary embodiments thereof, the foregoing and various other additions and 

omissions may be made therein and thereto without departing from the spirit and 
scope of the present invention. 
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Claims 

What is claimed is: 

1. A distributed selectable latent fiber optic sensors, comprising: 
5 an optical fiber; 

a plurality of optical sensors, each connected to said optical fiber, 
predetermined ones of said sensors receiving a optical source signal, and each 
providing at least one characteristic return optical signal, a parameter of said return 
optical signal being indicative of a sensed parameter; and 
10 an optical instrumentation device, connected to said optical fiber, which 

provides said optical source signal to predetermined ones of said sensors and which 
receives said return optical signal, and which provides an output signal indicative of 
selected ones of said sensed parameters. 

1 5 2. The apparatus of claim 1 , wherein said instrumentation device selects said 

selected ones of said sensed parameters based on a selection signal corresponding to 
each of said sensors. 

3. The apparatus of claim 2, wherein the status of said selection signal is 
20 determined based on whether a user desires to retrieve said sensed parameter. 

4. The apparatus of claim 2, wherein the status of said selection signal is 
determined based on whether a user will pay for said sensed parameter. 

25 5. The apparatus of claim 2, wherein the status of said selection signal is 

provided from a location remote from said instrumentation device. 

6. The apparatus of claim 2, wherein the status of said selection signal is 
provided from a location remote to said instrumentation device via a remote link. 

30 

7. The apparatus of claim 6, wherein said remote link comprises an internet link. 
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8. The apparatus of claim 1 , wherein said optical output signal is provided to a 
location remote from said instrumentation device via a remote link. 



5 9. The apparatus of claim 1 , wherein the optical output signal is provided to a 

location remote from said instrumentation device to a second instrumentation device. 



10. The apparatus of claim 9, wherein said second instrumentation device selects 
said selected ones of said sensed parameters based on a selection signal corresponding 

10 to each of said sensors. 

11. The apparatus of claim 1, wherein at least one of said sensors comprises at 
least one Bragg grating embedded therein. 

15 12. The apparatus of claim 1, wherein at least one of said sensors comprises a 

plurality of Bragg gratings. 

13. The apparatus of claim 1, wherein at least one of said sensors has at least one 
fiber laser, wherein said fiber laser lases at lasing wavelength which changes as said 
20 sensed parameter changes. 



14. The apparatus of claim 1 wherein at least one of said sensors measure at least 
one parameter, such parameter being: pressure, temperature, liquid fraction, flow, 
acoustic, seismic, resistivity, corrosion, or pipe-wall build-up. 

25 

15. A method of paying for use of an optical sensing system, comprising the steps 
of: 

installing a plurality of fiber optic sensors; 
providing data to a user for a selected ones of said sensors; and 
30 said user paying for the said selected sensors. 
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16. The method of claim 15, further comprising selecting said selected sensors 
based on a selection signal corresponding to each of said asnsors. 

17. The apparatus of claim 15, further comprising receiving a selection signal 
5 corresponding to each of said sensors, which determines said selected sensors. 

18. The method of claim 15, wherein at least one of said sensors comprises at least 
one Bragg grating embedded therein. 

10 19. The apparatus of claim 15, wherein said payment is based on the number of 

said sensors selected. 

20. The apparatus of claim 15, wherein said payment is based on the amount of 
data retrieved from said selected sensors. 

15 

21. The apparatus of claim 15, wherein said payment is based on the length of 
time data is retrieved from said selected sensors. 

22. A method of billing for use of an optical sensing system, comprising the steps 
20 of: 

installing a plurality of fiber optic sensors; 

providing data to a user for a selected ones of said sensors; and 

billing said user for the said selected sensors. 

25 23. The method of claim 22, further comprising selecting said selected sensors 

based on a selection signal corresponding to each of said sensors. 

24. The apparatus of claim 22, further comprising receiving a selection signal 
corresponding to each of said sensors, which determines said selected sensors. 

30 
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25. The method of claim 22, wherein at least one of said sensors comprisesat least 
one Bragg grating embedded therein. 

26. The apparatus of claim 22, wherein said payment is based on the number of 
5 said sensors selected. 

27. The apparatus of claim 22, wherein said payment is based on the amount of 
data retrieved from said selected sensors. 

10 28. The apparatus of claim 22, wherein said payment is based on the length of 

time data is retrieved from said selected sensors. 
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